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industries was based on data availability and level of cooperation by industries studied. The industries selected are paint manufacturing, industrial gas manufacturing and lubricating oil production under the chemical and pharmaceutical sector while aluminium extrusion, steel manufacturing and glass bottle cap production industries were selected under the basic metal sector. Tyre manufacturing, foam and plastic production; and textile fabric and yarn production industries were selected under the domestic and industrial plastics and textile and wearing apparel sectors, respectively. IPPS pollution loads were estimated with respect to employment and total output, and the results of effluent pollution loads were compared statistically with IPPS pollution loads.
Experimental

Description of the study area
Lagos state has the largest population density of the four most industrialized states in Nigeria (Lagos, Rivers, Kano and Kaduna) . It is also the state with the greatest concentration of industries, with well over seven thousand medium and large-scale industrial establishments. It is claimed that about 70-80% of the manufacturing facilities operating within the medium and large-scale industries are located there in. The major industrial estates in Lagos are: Ikeja, Agidingbi, Amuwo Odofin (industrial), Apapa, Gbagada, Iganmu, Ijora, Ilupeju, Matori, Ogba, Oregun, Oshodi/Isolo/Ilasamaja, Surulere (light industrial) and Yaba (Arikawe, 2002; Akinsanya, 2003; Ogungbuyi and Osho, 2005) as shown in Fig. 1 
Pollution data estimation methodology
Economic considerations and lack of cooperation from the industries limited the selection of number of industries considered in this study and the number of samples analysed. Hence, two paint manufacturing industries represented as CAP and BGR, domestic insecticides and aerosol production (DIA), and basic industrial gas manufacturing (IGM) were considered under the chemical and pharmaceutical sector; steel manufacturing (UST), aluminium extrusion (AET), aluminium windows and doors production (AWD) and glass bottle cap production (CCP) were selected under the basic metal sector. Industries selected under the domestic and industrial plastics and textile and wearing apparels were tyre, foam and plastic manufacturing industries; and textile and yarn manufacturing industries, respectively. (Hettige, et al., 1994) . The pollution intensities were used to estimate the pollution loads of these manufacturing industries based on the International Standard Industrial Classification (ISIC) code as found in the literature using the formulae: With respect to total output; 
Effluent sample analysis
Treated and untreated effluent samples were collected from the industries at the point of discharge to the environment and production line, respectively. Effluent samples were analyzed for physico-chemical parameters and heavy metals using standard methods (APHA, 1992; Miroslav and Viadimir, 1999; Taras, 1950) . The parameters determined were: temperature, pH, turbidity, conductivity, total suspended solids (TSS), total hardness, acidity, alkalinity, chloride, sulphate, nitrate, chemical oxygen demand (COD), biological oxygen demand (BOD), dissolved oxygen (DO), sodium chloride, calcium, magnesium, and heavy metals (e.g., Fe, Pb, Zn, Cd, Cr, Mn, Ni, Cu, and Co).
Statistical analysis
The data were validated statistically using t -test at 95% confidence interval (2-tailed) and analysis of variance (ANOVA) to ascertain if there is any significant difference between IPPS pollution loads with respect to employment and total output; and pollution loads from conventional effluent analysis at p > 0.05. 
Industrial
Results and discussion
Emission to air was determined based on emission of total suspended particulate (TSP), fine particulate (FP, PM10), sulphur dioxide (SO 2 ), nitrogen dioxide (NO 2 ), carbon monoxide (CO), and volatile organic compounds (VOCs). Emission to water was estimated in terms of biological oxygen demand (BOD) and total suspended solid (TSS) while emission of toxic pollutants was estimated in terms of toxic chemicals and metals released into air, water and land, whose pollution intensities were available in the literature (Hettige, et al., 1994) . The major raw materials and the type of waste generated by the selected industries are presented in Table 1 while the total number of employees and total value of output as well as the pollution loads are shown in Tables 2 and 3, respectively. UST have the highest number of employees and second highest total value of output while AWD have the lowest number of employees and LOP the lowest value of output.
IPPS pollution load assessment 3.1.1 Air pollution load
Air pollution loads for all the selected industries are shown in Tables 2 and 3 , respectively for pollution load estimated with respect to employment and total value of output. UST with 1025 employees and 63, 200 ton/yr of total output have the highest emission of all pollutants into environmental media (i.e., air, water, and land). The air pollution load with respect to employment and total value of output are 4,810 tons/yr and 1,860,000 tons/yr, respectively. This was followed by FMI,CCM, LOP, AET, TTP, IGM, RLT, APT, AWD, WSY, BGR, CAP, and CLP, respectively in decreasing order. In most cases, the higher the number of employees and total output, the higher the air pollution loads. Basic metal, and domestic and industrial plastic (DIP) sectors are the most polluting sector in terms of air pollutant emission. UST ranked first while FMI and CCM ranked second and third, respectively. Total air pollution loads with respect to employment are 2,660 tons/yr and 2050 tons/yr in FMI and CCM, respectively. With respect to total output, air pollution loads are 94,500 ton/yr in FMI. Output data from CCM was not available thus; air pollution load with respect to total output cannot be estimated. Emission of CO and NO 2 was the highest in UST and FMI when pollution load was estimated with respect to the two variables (i.e., employment and total output) while SO 2 emission was the highest in CCM when pollution load was estimated with respect to employment. Pollution loads estimated with respect to employment and total output revealed that the most emitted air pollutant from UST was CO. This could be attributed to the fact that in steel making, oxygen reacts with several components in the bath, including Al, Si, Mn, P, C, and Fe, to produce metallic oxides which end up in the slag. It also generates carbon monoxide boil, a phenomenon common to all steel making processes and very important for mixing of the slag. Mixing enhances chemical reaction, purges hydrogen and nitrogen, and improves heat transfer. The CO supplies a less expensive form of energy to the bath, and performs several important refining reactions (Jeremy, 2003; and Bruce and Joseph, 2003) . It is also important for foaming and help to bury the arc. 
Water pollution load
Of all the industries, UST ranked first in terms of total water pollution load while CCM and AET ranked second and third, respectively. This was due to the fact that emission of TSS from the two industries was more than BOD. Estimated TSS pollution load from these industries are 14,400 and 1,400 ton/yr, respectively while BOD pollution load are 0.89 and 96.5 ton/yr, respectively. The steel industry with the highest number of employees generated the highest water pollution load. Thus, the higher the number of employees, the higher the water pollution loads. Pollution load estimated with respect to total output showed that 5.6 million ton/yr of TSS was generated by UST. Water pollution load estimated with respect to employment and total output revealed that emission of TSS was more than BOD in all the manufacturing facilities under the basic metal sector with UST having the highest water pollution load with respect to the two variables (i.e., employment and total output). This is shown in Tables 2 and 3, respectively. APT and CAP have the lowest water pollution load thus, their contribution to water pollution is insignificant.
Toxic pollution load
Toxic chemical and metal pollution load with respect to employment and total output are presented in Tables 2 and 3, respectively. Total chemical pollution load with respect to employment and total output is more than total metal pollution load in all the facilities. This may be attributed to the nature of the raw materials used by these facilities. Thus, raw material characteristics and product grades are some of the factors affecting pollution load (Oketola and Osibanjo, 2009b) .
Pollution load assessment by effluent analysis
The results of the composite untreated effluent samples collected from the production line of the facilities are presented in Tables 4 and 5, respectively. The result of effluents analysis showed varying concentration of some of the parameters such as heavy metals, COD etc., which are above the permissible limits of Federal Ministry of Environment, (FEPA, 1998) for effluent discharge thus indicating gross pollution. The values of some of the parameters obtained could be attributed to the production processes, raw material characteristics etc. Note: * Parameters compared with IPPS pollution load Table 5 . Mean concentration and standard deviation of physico-chemical parameters of effluent discharged to the environment in the selected industries in Lagos
Results of statistical analysis
IPPS estimated pollution loads with respect to employment and total output in these industries were statistically analysed to ascertain the level of agreement between them.
There is no significant difference between the pollution load estimated with respect to the two variables (i.e. employment and total output) at p > 0.05 in all the industries except in IGM, WSY, RLT, AWD, and AET. At the 0.05 level, the means are significantly different. IPPS pollution load was also compared with pollution load from conventional effluent analysis. There is no significant difference between them at p > 0.05 in CAP, BGR, UST, TTP and AET while there is significant different between IPPS pollution load and pollution load from conventional effluent analysis in WSY. Hence, IPPS compared favourably with effluent analysis in most of the industries.
Conclusion
This study estimated pollution loads of some industries in Lagos using IPPS pollution intensities with respect to employment and total output. In most cases, the higher the total number of employees and total output, the higher the estimated pollution loads. There is no significant difference between the pollution loads estimated with respect to the two variables in all the industries except IGM where the two means are significantly different. IPPS pollution loads were also compared with pollution loads from conventional effluent analysis at p > 0.05. The two pollution loads compared favourably at this limit. Application of IPPS in Lagos and most developing countries will no doubt enable the regulatory and monitoring agencies in such countries to focus on the most polluting industries. This will on the long run increase the level of enforcement since more time can be spent on the few polluting industries. This wil l a l s o e n a b l e t h e p o l i c y m a k e r s i n t h e developing countries to tackle industrial pollution since IPPS is a cheap means of assessing industrial pollution when compared to running scientific monitoring data gathering, analysis and assessment which is time consuming, expensive and resource intensive.
Detailed information on employment and total output obtained from the fourteen industries studied revealed that in most cases, the higher the total number of employees and output, the higher the pollution loads by pollutant types except in TTP where the higher the total number of employees and total output, the lower the estimated pollution loads. This variation can be attributed to other factors which affect pollution loads. These are types and quantity of raw materials, process technology, product grade, efficacy of facility, and source type etc. Also, pollution load of the fourteen industries estimated with respect to employment and total output were compared statistically using t-test at 95% confidence interval and analysis of variance (ANOVA). At this level, the two means are not significantly different in CAP, BGR, TTP, FMI, UST, LOP, CLP, and APT while there was significant different in AWD, WSY, RLT, IGM, and AET. These can be attributed to the information and data supplied by these industries including process efficiency and efficacy of installed pollution control technology if any. For example, IGM with only 120 employees produced 1,170 ton/yr of total output while LOP with 200 employees have a total production capacity of 16.1 tons/yr which is significantly less than that of IGM. The results of untreated effluent samples collected from these industries also revealed that most of the industries discharged untreated or partially treated effluent into the environment. Out of the 14 industries which data were available for this study, only 29% have effluent treatment plant which is operational, 36% have no effluent treatment plant while the remaining 36% operate dry process in which Effluent Treatment Plant (ETP) is not applicable. Unavailability of ETP in these industries could be attributed to the high cost of installing and maintaining an ETP, air pollution control devices, and weak enforcement of extant environmental regulations in Lagos. Pollution load from conventional effluent analysis were compared with IPPS pollution load in these industries. There is no significant difference between them at p > 0.05. IPPS pollution load of the selected industries compared favourably with pollution load from conventional effluent analysis in CAP, BGR, UST, TTP and AET. Enough data was not available from IGM and LOP. The exception was in WSY where there is significant difference between IPPS pollution load with respect to output and pollution load from conventional effluent analysis from effluent collected at the production line. Consequently, there was an agreement between effluent analysis or scientific monitoring and assessment and IPPS. Since IPPS compares favourably with scientific monitoring and analysis in these industries, IPPS therefore offers a cheap management tool for pollution load assessment in these industries; and directional basis for rapid policy intervention by government regulatory agencies in Lagos and other developing countries where pollution abatement technology is absent and level of enforcement is very low. It will enhance industrial pollution control in the developing countries where funding for environmental protection is lacking or grossly inadequate. The effectiveness of the intervening measures would significantly reduce the overall industrial pollution.
